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DESCRIPTION 

CONNECTOF FOR PIPE SECTIONS HAVING INTEGRAL BUOYANCY CANS 



FIFI D OF THE INVENTION 

The invention relates generally to pipe couplings and more specifically to an improved 

coupling which is used to connect pipe sections, wherein each of the pipe sections has a integral 
buoyancy can surrounding the pipe. 

RELATED ART 

Pipelines are commonly used to transport oil and other hydrocarbons. Because of the 
enormous quantities of oil and/or hydrocarbons which need to be transported in this manner, the 
pipelines are typically constructed on a correspondingly large scale. 

Pipelines of this type normally formed by a series of pipe segments, or sections. The pipe 
secrions are individually manufactured, then transported to the site where the pipeline will be 
installed. At the installation site, the pipe sections are aligned and joined together to form the single 
conduit of the pipeline. The pipe sections normally include a flange at each end which can be coupled 
(e.g., bolted) to a corresponding flange of an adjacent pipe section. The pipe sections may, for 
example, utilize standard ANSI flanges. 

Because of the scale of these pipelines, it may be very difficult to work with the pipe secttons. 
The tmmense weight of individual pipe sections, for example, may make it difficult to suspend them 
so that they can be properly oriented before bolting them together. One way to make ,t easier to 
manipulate the pipe sections in a marine environment is to construct the pipe sections with integral 
buoyancy cans. The buoyancy cans increase the volume of the pipe sections so that they d 1S place 
more water and, as a result, become more buoyant. 

Referring to Fig. 1, a cross-sectional diagram illustrating a prior art structure of a pipe section 
having a buoyancy can is shown. Only one end of pipe section 10 is shown in the figure. The 
opposite end of the pipe section would normally be a mirror image of the illustrated end. Pipe stem 
12 forms the conduit 13 through which fluid will be transported in the assembled pipeline. At each 
end of pipe stem 12 is a flange 14. As noted above, flange 14 may be an ANSI flange or any other 

flange which is used in the industry. 

The buoyancy can comprises an outer, cylindrical wall 16 to which a plate 18 is connected at 
each end. Cylindrical wall 16 and end plate 18 are typically welded together. End plate 18 is also 
welded to pipe stem 12, which extends through the aperture in the center of the annular plate. 
Together, pipe stem 12, cylindrical wall 16 and end plates 18 form a cavity 19. When pipe secuon 10 
is submerged, the buoyancy displaces a volume of water approximately equal to the volume of cavity 
19, making the pipe section more buoyant and more easy to manipulate. 



WO 02/04855 PCT/US01/19167 

-2- 

Although these pipe sections are manufactured with buoyancy cans, they are typically still 
coupled to each other in the same manner as pipe sections which do not have buoyancy cans - using 
standard bolted flanges. Referring to Fig. 2, a diagram illustrating a pair of coupled pipe sections is 
shown. One of the problems with coupling pipe sections 10 and 20 together in this manner is that, 
while the pipe sections are more buoyant than pipe sections that do not incorporate buoyancy cans, 
they are nevertheless heavier and subject to greater inertia. Further, because of their larger size, the 
pipe sections having buoyancy cans are subject to greater environmental forces, such as ocean 
currents. Consequently, the couplings of these pipe sections may be subject to greater stresses which 
may result in a higher rate of failure of the couplings. 

It would therefore be desirable to provide a coupling for pipe sections having integral 
buoyancy cans, wherein the coupling is configured to handle the higher stresses associated with this 
type of pipe section. 

SUMMARY OF THE INVENTION 

One or more of the problems outlined above may be solved by the various embodiments of 
the invention. Broadly speaking, the invention comprises a coupling for two pipe sections having 
integral buoyancy cans, wherein the coupling includes an inner flange configured to couple the pipe 
stems of the pipe sections and an outer flange configured to brace or secure the buoyancy cans of the 
pipe sections against each other and thereby stabilize the pipe sections. 

In one embodiment, the coupling comprises a pair of flanges, each of which is attached to one 
of a pair of pipe sections. Each of the pipe sections has a pipe stem and a cylindrical buoyancy can 
which is positioned coaxially with the pipe stem. Each of the flanges has an inner flange portion and 
an outer flange portion. The inner flange portions are connected to the pipe stems of the respective 
pipe sections. Each of the inner flange portions is configured as a female box flange. When the 
coupling is assembled, a pin flange is positioned between the inner flange portions to form what is 
essentially a pin-and-box connection. The outer flange portions are positioned near the outer edges of 
the respective buoyancy cans. When the coupling is assembled, the outer flange portions are secured 
together, thereby securing the buoyancy cans of the pipe sections together and stabilizing the 
coupling, including the connection between the inner flange portions. 

In one embodiment, the inner and outer flange portions of each pipe section are connected by 
a first annular plate that forms the end of the buoyancy can. The inner and outer flange portions 
extend forward from the first annular plate (away from the buoyancy can) and are also connected by a 
second annular plate which is positioned near the forward end of the flange portions. A cavity is 
thereby formed between the inner and outer flange portions and between the first and second annular 
plates. A plurality of reinforcing plates are positioned in the cavity and attached to the flange portions 
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and the annular plates. These reinforcing plates are oriented so that they are eo-planar with the axis of 
the pipe section to provide additional strength in the flange assembly. 

The present coupling may provide a number of advantages over the prior art. For example, 
the present coupling may be better able to withstand bending stresses between the pipe sections 
because of the larger overall diameter of the coupling. Further, because each of the flange assembles 
forms a box flange for a pin-and-box coupling, the flange assemblies have no protrudmg surfaces 
which might be easily damaged during manufacture or shipping. Further, the present coupling may 
eliminate the need for a separate end plate to be welded to the buoyancy can to hold it in position 
around the pipe stem (since the coupling itself serves this function.) Still further, the present coupling 
mav make it easier to position the pipe sections for assembly because the flanges are bolted together 
near the outer diameter of the buoyancy can, rather than near the pipe stem (thereby eliminating the 
need for a worker to position himself between the buoyancy cans while bolting the flanges together. 

RRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention may become apparent upon reading the 
following detailed description and upon reference to the accompanying drawings in which: 

Fig. 1 is a cross-scctional diagram illustrating the structure of a pipe section having a 
buoyancy can. 

Fig. 2 is a diagram illustrating the coupling between a pair of pipe sections having buoyancy 

Fig. 3 is a diagram illustrating a pair of coupled pipe sections using one embodiment of the 
present coupling. 

Fig 4 is a cross-sectional view of one embodiment of the present coupling. 
Figs 5a and 5b are cross-sectional views of an alternate embodiment of the present coupling. 
Fig. 6 is an alternate cross-sectional view of the embodiment of the present coupling 
illustrated in Fig. 5a. 

While the invention is subject to various modifications and alternative forms, specrfic 
embodiments thereof are shown by way of example in the drawings and .he accompanying de.a, ed 
description. It shouid be understood, however, that ttre drawings and detailed description are no, 
intended ,o limit the invention ,o the particular embodiment which is described. This disclosure rs 
instead intended «o cover all modifications, equivalent and alternatives falling within the spur, and 
scope of the present invention as defined by the appended claims. 
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DET AILED DESCRIP TION OF A PREFERRFD EMBODIMENT 

A preferred embodiment of the invention is described below. It should be noted that this and 
any other embodiments described below are exemplary and are intended to be illustrative of the 
invention rather than limiting. 

Broadly speaking, the present coupling comprises a pair of flanges, each of which is attached 
to one of a pair of pipe sections having integral buoyancy cans. The coupling flanges form a sealing 
connection between the pipe stems of the pipe sections, and also couple the buoyancy cans of the pipe 
sections together to provide greater stability between the pipe sections than is achieved by simply 
securing the pipe stems to each other. 

In one embodiment, each coupling flange forms a part of the buoyancy can for the 
corresponding pipe section. Each of the flanges has an inner flange portion and an outer flange 
portion. The inner flange portions are connected to the pipe stems of the respective pipe sections and 
are configured to form a sealing connection between the pipe stems (so that the conduits formed by 
the pipe stems can be connected to form a single pipeline.) The outer flange portions are connected to 
the outer walls of their respective buoyancy cans. Each of the outer flange portions is connected to its 
respective inner flange portion by a pair of annular plates so that the inner and outer flange portions of 
a pipe section form a single coupling flange, or flange assembly. One of the annular plates serves as 
the end of the buoyancy can. In one embodiment, each of the inner flange portions is configured as a 
female box flange. In the assembled coupling, the inner flange portions form a seal with a pin flange 
that is positioned between them. The inner flange portions are not directly secured to each other, but 
are instead held in place by securing the outer flange portions to each other. 

Referring to Fig. 3, a diagram illustrating a pair of coupled pipe sections using one 
embodiment of the improved coupling is shown. It can be seen from this figure that the diameter of 
the coupling is substantially larger than the flanges which form the coupling shown in Fig. 2. While ' 
both couplings are bolted together in essentially the same manner, the coupling of Fig. 3 can 
withstand greater bending stresses because of its larger diameter. The larger diameter of the present 
coupling may also allow more bolts to be used to secure the coupling. 

Referring to Fig. 4, a cross-sectional view of one embodiment of the improved coupling is 
shown. This coupling is configured to secure a first pipe section 40 to a second pipe section 60. 
Because each of the pipe sections, including their res- :tive coupling flanges, are identical in this 
embodiment, they will be described with reference on. y to the first pipe section 40. 

The first pipe section 40 generally comprises pipe stem 41 and buoyancy can 42. Buoyancy 
can 42 is held in position around pipe stem 41 by flange assembly 45. Li fact, in this embodiment, 
annular plate 48 replaces the annular plate that forms the end of the buoyancy can in the prior art. 

Flange assembly 45 comprises an inner flange portion 46, an outer flange portion 47, a first 
annular plate 48 and a second annular plate 49. Inner flange portion 46 defines the end of pipe stem 
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41 and corresponding conduit 43. Inner flange portion 46 is essentially a box flange as used in a pin- 
and-box coupling. Inner flange portion 46 is configured to mate with pin flange 70. Seal packing 
m ay be provided between inner flange portion 46 and pin flange 70 to ensure that a tight seal is 
formed therebetween. 

Inner flange portion 46 does not include means to secure itself against pin flange 70 or inner 
flange portion 66. Inner flange portion 46 is instead secured by outer flange portion 47, which is 
bolted to outer flange portion 67. Inner flange portion 46 has two outwardly facing ridges, 51 and 52, 
which are configured to be welded to the inner edges of corresponding annular plates 48 and 49. 
Outer flange portion 47 also has two ridges, 53 and 54. Ridges 53 and 54 are inwardly facing and are 
configured to be welded to the outer edges of annular plates 48 and 49. Inner flange portion 46 is 
thereby held rigidly in position with respect to outer flange portion 47 so that, when our flange 
portion 47 is bolted to outer flange portion 67, inner flange portion 46 is secured against pm flange 

and 70 and inner flange portion 66. 

In one embodiment, inner flange portion 46 is welded to p.pe stem 41, while outer flange 
paction 47 is welded to the outer wall 42 of the buoyancy can. It is contemplated that there may be 
some embodiments in which outer flange portion 47 is not welded or otherw.se connected d.rectly to 
buoyancy can outer wall 42. Outer flange portion 47 (and outer flange portion 67) may instead 
simply act as a brace between the buoyancy cans to prevent bending between the pipe sections. 

Because the d.ameter of the present coupling (i.e., flange assembly 45 and flange assembly 
65) is greater than the diameter of couplings in the prior art, the present coupling can withstand 
greater bending stresses between pipe section 40 and pipe section 60. In some embodiments, 
however, the present coupling can be made even stronger. This is accomplished by mserting a 
plurality of reinforcing plates (e.g., 55 and 56) within the generally toroidal, or donut-shaped, cavity 
formed by inner flange portion 46, outer flange portion 47, first annular plate and 48 and second 
annular plate 49. While only two reinforcing plates are shown in each of the flange assemblies in 
figure 4, more may be used. The plates should be evenly spaced within the cavity, and it is 
contemplated that the optimal number of such plates is typically between four and eight. 

Each of the reinforcing plates is oriented to be co-planar with the axis of the pipe section In 
other words, each reinforcing plate extends radially outward from the axis, as well as longitudmally, 
or parallel to the axis. This provides the maximum tensile and crush strength parallel to the axis of 
the pipe section and thereby strengthens the flange assembly against bending stresses. The 
positioning of the reinforcing plates also strengthens annular plate 48 which holds buoyancy can 42 m 
position with respect to pipe stem 4 1 . After the reinforcing plates are properly positioned, they are 

welded in place. - , - a 

Referring to Fig. 5a, a cross-sectional view of an alternate embodiment of the unproved 
coupling is shown. This coupling is configured ,0 secure a firs, pipe section which is connected to 
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coupling flange 80 to a second type section which is connected to coupling flange 90. Many aspects 
of couphng flanges 80 and 90 are identical and will be described with respect to only one of the 
flanges. Aspects of coupling flanges 80 and 90 which are different between the two flanges will be 
described separately for each flange. 

Again, each pipe section comprises a pipe stem and a buoyancy can. The pipe stems of the 
two P1 pe sections are coupled together by inner flange portions 86 and 96 to form a single conduit 
Each flange also comprises an outer flange portion 87, 97. The inner and outer flange portions are 
connected to each other by means of a plurality of reinforcement plates 88, 89, 9S, 99 In this 
embod.ment, the coupling flanges are integral with the buoyancy cans. That is, the inner and outer 
flange port.ons of each flange (e.g., 80 and S6), in conjunction with one of the reinforcement plates 
(e.g.. 89). lorm of the end of the buoyancy can for the corresponding pipe section. 

In the embodiment shown in Fig. 5a, inner flange portions 86 and 96 are configured with 
complementary male and female mating surfaces, rather than each being a box flange. The mating 
surfaces of each of the inner flange portions is tapered to form a frusto-conical surface. When the 
couphng is assembled, a tapered seal ring 100 is positioned between the mating surfaces to ensure a 
good seal between the inner flange portions. 

Because the coupling uses a tapered seal ring and inner flange portions with tapered mating 
surfaces, it is necessary to provide a sufficient load on the seal ring to ensure a good seal. The 
couphng therefore uses a plurality of studded bolts 101 positioned around the periphery of the inner 
flange portions to secure the inner flange portions to each other and to compress the seal ring. 
Studded bolts are used in this embodiment to avoid potential leak paths that could be created by bolt 
holes. 

The embodiment which is shown in Fig. 5a has ridges 8 1-S4 for attaching plates 88 and 89 
winch couple inner flange portion 86 to outer flange portion 87. In this embodiment, plates 88 and 89 
are substantially rectangular, rather than having the annular shape which is shown in the embodiment 
of Ftg. 4. This can be seen more clearly in Fig. 6, which is a cross sectional view of coupling flange 
80, viewed from along the axis of the pipe section. These figures also show water vent 102, which 
allows water to flow into the area between inner flange portion '86 and outer flange portion 87. 
(There are a plurality of vents identical to vent 102 which are spaced around the periphery of outer 
flange portion 87.) 

It can be seen from these figures that the interior of the buoyancy can is open to the sea. 
Because the pipe section is intended to be oriented vertically, vent 102 is positioned at the lower end 
of the buoyancy can. The upper end of the buoyancy can is sealed, as shown by the can to which 
couplmg flange 90 is attached. Consequently, when pressurized air is forced into the buoyancy can, 
water in the buoyancy can exits through vent 102. Conversely, when air is released from the ' 
buoyancy can, water enters the can through the water vents. By forcing the air into the buoyancy can 
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or leasing air from the buoyancy can, the ovcral. buoyancy of fte pipe section can be con<rolled. 
The buoyancy of ,h= pipe section can therefore he adjusred whenever necessary to optnruze .. for a 
parted*, depdr^ ^ ^ ^ ^ ^ fa ^ ^ ^ waMr ^ ^ ^ ^ 

provides access ,o the bolrs around rnner flange portions S6 and 96. I, is con.cnrp.atcd that fte bofta 
which secure .he inner flange portions can easfly be indued with a too, such as a 

should be no«ed fta, coupling flange 90 does not aUow fluid commumcauon between ft 
interior of.be buoyancy can and .he open sea. Coupling flange 90, is in«e„dcd ,0 be postponed a. he 

„Tn 3 e 90 is posi.,oncd a. .he .op of.be buoyancy can, i. mus, be sea.ed ,o ensure .ha. au —dm 
fte buoyancy can does no. escape and a«er ,he buoyancy of the pipe section. Consequent*, pi .e 
„ a„nu,ar in shape and is welded to inner flange portion 9, and outer flange poriron 97 around^ 
c „ lir c circumference .„ form a scaled bulkhead. As noted above, studded bona are ^ ™ ^ 
inner flange portions ins.ead of bohs similar .o those used .0 secure .he ou.er flange porhons. The u e 
kidded bohs allows me ,nner flange portions .o be secured together whhou, havmg to prov.de 
holes ,„ inner flange portion 96, winch would likely allow air .o escape from .he buoyancy can 

Anchor feature which is shown in .he embodimen, of Figs. 5a, 5b and 6 is fte use of an hues 
, 0 deliver pressurized air .0 .he buoyancy cans. F.gs. 5a, 5b and 6 show rwo dtfferen, ways to 
ftcorpora, ,hese hues into .he design of the coupling flange. ,. should be no.ed 
dlIT lt inflations can be used in a given embodtmen.. Wh.chever of .he rwo — ™^ 
, h c ,„s,a„cd air line is used .0 deliver pressurized air ,o one of .he buoyancy cans. In the embodmren, 
shown in Fig 6, six air Unas are shown. These hues can service .he buoyancy cans of sue p pe 
secons. Each of -he air hues passes .n ti re.y ftrough fte buoyancy can above - °— 
serviced by .ha. line. The „ne opens in.o .he buoyancy can wh.ch i. servrces, so .ha, can dehver 
pressurized air to that buoyancy can. 

The firs, type ^installation of an air line is shown on .he left s.de of F.g. 5a. In fiats 
insullafion, air line 1 1 1 passes .hrough an aperture in plate 99, which serves as a buKhead a«he 
opper end of .he buoyancy can. Airline 11. 

can connected to coupling flange 80 and .s connected ,o an hue 1 1 1 by c.a p 

« aHme.IOpassesfrnougha.openspacemeoup.mgfUng.SOrafter^mroughpU.e^. men 

Ip.ing flanges S 0 and 90 are secured .0 each other, air hues 1 10 an, 1 1 1 are also connected. The 
connec.roneanbeaccessedandcUmpllSins^lledviawa.erventm ndinFie 5b In 

The second type ofair Hue inflation is shownon fte right srde of F,g. a — J» ^ 
ftis ms,anahon, ins.ead of passing between fte inner and outer flange port-ons, fte „ hues are rou.ed 
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through the outer flange portions. Referring to Fig. 5a, air line 120 passes through the upper 
buoyancy can, through an upper part of outer flange portion 80, and into a bolt hole in outer flange 
porttonSO. Similarly, air line 121 passes through the lower buoyancy can, through a lower part of 
outer flange portion 90, and into a bolt hole in outer flange portion 90. Each of the air lines is fillet 
welded within its respective bolt hole. As shown in Fig. 5b, air lines 120 and 121 are coupled 
together by placing seal 125 between the bolt holes and securing the outer flange portions together 
(by boltmg them together using the remaining bolt holes.) the seal allows an airtight conduit to be 
formed through air lines 120 and 121. (ft shou ld be noted that the air lines need not be coupled 
through bolt holes, but this is contemplated to be a convenient modification to the coupling flange 
design.) 

While the present invention has been described with reference to particular embodiments it 
should be understood that the embodiments are illustrative and that the scope of the invention is not 
limited to these embodiments. Many variations, modifications, additions and improvements to the 
embodiments described above are possible. It is contemplated that these variations, modifications, 
addit.ons and improvements fall within the scope of the invention as detailed in the following claims 
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CLAIMS 

1 . A coupling for use with pipe sections having central pipe stems and coaxially located 

buoyancy cans, wherein the coupling comprises: 

a pair of coupling flanges, each of the coupling flanges having an inner flange portxon 

configured to be connected to the pipe stem of the corresponding pipe sechon, and an 
outer flange portion positioned near the periphery of the corresponding buoyancy 
can; 

wherein each of the coupling flanges is configured to be connected to one of the pipe 
sections; and 

whereto when the coupling flanges are seeured ,0 eaeh orher, a sea, is formed between .he 

pipe s.ems of .he prpe sections and .he ourer flange portions form a brace between tire 
buoyancy cans of the pipe sections. 

2. The coupling of claim 1 wherein the outer flange portion of at least one of the coupling 
flanges comprises one or more water vents . 

3 The coupling of data . wherein eaeh of rhe couphng flanges further comprises one or more 
connecting pla.es which ace connected between the rnner flange portion and the outer flange portron. 

4. The coup.ing of claim 3 whereat a, leas, one of .he one or mora connec.ing plates comprises 
an annular plare which is perpendicular .0 Ure arris of the pipe section. 

5. The coupling of claim 4 wherein .he annular plate forms an air-Sgh. bulkhead which is 
integral with the buoyancy can. 

6 The coupling of Cairn 3 whereu, a, leas, one of me one or more connecting pla.es comprises a 
substantia.* recUngular plate, a fits, edge of which is we.ded to the inner flange portion, and an 
opposite edge of which is coupled to the outer flange portion. 

7 The couphng of claim 1 further comprising a plummy of reinforcing plates, wherein me 

g The coupling of claim 7 further comprising one or mom connecting pla.es which are welded 
between fire btner and outer flange portions and wherein ft. plurality of reinforcing 
positioned beween tine inner and outer flange portions and are we.ded ,o the mner and outer flange 
portions and to the one or more connecting plates. 
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9. TTie coupling of claim 1 further comprising a seal positioned between the inner flange portion 
of a first one of the pair of coupling flanges and the inner flange portion of a second one of the pair of 
coupling flanges. 

10. The coupling of claim 9 wherein the seal comprises a seal ring having tapered, sealing 
surfaces. 



11. The coupling of claim 1 wherein the inner flange portions comprise box flanges, the coupling 
further comprising a pin flange configured to mate with each of the box flanges. 

12. The coupling of claim 1 wherein the inner flange portion of each coupling flange includes a 
tapered mating surface, wherein the tapered mating surface of the inner flange portion of each 
coupling flange is substantially complementary to the tapered mating surface of the inner flange 
portion of the other coupling flange. 

1 3. The coupling of claim 12 further comprising a plurality of bolts positioned around the 
periphery of the inner flange portions to secure the inner flange portions to each other. 

14. A pipe section comprising: 
a pipe stem; 

a buoyancy can connected to the pipe stem, wherein the buoyancy can surrounds the pipe 
stem; 

an upper coupling flange connected to an upper end of the pipe section; and 

a lower coupling flange connected to a lower end of the pipe section; 

wherein each of the upper and lower coupling flanges comprises an inner flange portion 

connected to the pipe stem and an outer flange portion connected to the buoyancy 

can; 

wherein for each of the upper and lower coupling flanges, the inner flange portion is 

configured to be coupled to an inner flange portion of an adjacent pipe section; and 

wherein for each of the upper and lower coupling flanges, the outer flange portion is 

configured to be coupled to an outer flange portion of an adjacent pipe section. 

15. The pipe section of claim 14 wherein the outer flange portion of each of the upper and lower 
coupling flanges is positioned at the periphery of the buoyancy . 
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16. The pipe section of claim 14 further comprising one or more air lines extending through the 
upper coupling flange, wherein at least one of the air lines is open to the interior of the buoyancy can 

1 7. The pipe section of claim 16 wherein an upper end of each air line extends above the upper 
coupling flange, wherein the upper end of the air line is configured to be coupled to the lower end of 
an air line of another pipe section by clamping the upper end of the air line to the lower end of the air 
line of the other pipe section 

1 8. The pipe section of claim 16 wherein an upper end of the air line is integral with and 
terminates at a coupling face of the upper coupling flange, wherein when the upper coupling flange is 
coupled to a complementary flange, the upper end of the air line is coupled to another air line which is 
integral with the other coupling flange 

1 9. The pipe section of claim 14 further comprising a plurality of water vents in the lower 
coupling flange, wherein the plurality of water vents provide fluid communication between the 
interior of the buoyancy can and the exterior of the buoyancy can 

20. A coupling for use with pipe sections having central pipe stems and coaxially located 
buoyancy cans, wherein the coupling comprises: 

a pair of coupling flanges, each of the coupling flanges having an inner flange portion 
connected to the pipe stem of the corresponding pipe section, 

an outer flange portion connected to the inner flange portion, wherein the outer flange portion 
is positioned radially outward from the inner flange portion near the periphery of the 
corresponding buoyancy can, wherein the outer flange portion is connected to the 
corresponding buoyancy can, wherein the outer flange portion of each coupling 
flange is bolted to the outer flange portion of the other coupling flange, 

a pair of annular plates connected to the inner and outer flange portions, wherein a toroidal 
cavity is formed between the annular plates and the inner and outer flange portions,, 
and 

a plurality of reinforcing plates positioned within the toroidal cavity and oriented to be co- 
planar with the axis of the corresponding pipe section, wherein the reinforcing plates 
are connected to one or more of the annular plates and the inner and outer flange 
portions, 

a pin flange positioned between the coupling flanges and configured to mate with the inner 
flange portions of each of the coupling flanges to form a seal between the coupling 
flanges, 
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wherein when the coupling flanges are secured to each other, a seal is formed between the 

pipe stems of the pipe sections and the outer flange portions form a brace between the 
buoyancy cans of the pipe sections. 
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